A proposed technical aid is described to help blind persons perceive images ' such as a human face and a scene.
INTRODUCTION
There are few technical aids to help the blind persons to perceive images such as a face or a scene. The Braille printers can provide hard copies of binary images, but they are slow and expensive for personal use. Experimental aids reported in the literature include an electro-mechanical device by Jaffe [1] to provide flexible access to binary 2-dimensional information, and vision substitution systems with tactile display through an arr ay of stimulators by Bach-y-Rita and others [2] [3] [4] . Ohnishi et al. [5] [6] proposed systems to help the blind to use electrical circuit diagrams and city maps. Recently we proposed an interactive and flexible economical portable system based on auditory display of the images [7] . In this paper, we present an improved system with preliminary test results.
SYSTEM DESCRIPTION
The test system consists of a personal computer, a D/A interface with stereo headphones, a video camera and image digitizer, a computer graphics tablet with two specially designed probes to be worn on fingers, and a control circuit for simultaneous signal acquisition from the probes. On the surface of the tablet is placed a piece of plexiglas with an etched square grid to provide orientation and distance information to the user. The tablet senses the location of the two finger-probes as they pass over the tablet surface, and sends the coordinate pairs to the computer. After the image of the object to be visualized is acquired and stored in computer memory, the pixels of the processed image are mapped one-to-one onto the cells of the computer graphics tablet.
When the blind person activates a cell on the tablet by touching it with a probe, the gray level of the corresponding pixel will be presented as a characteristic auditory signal. In 0-7803-0785-2/92$03.00 ©IEEE the present system, the images can be displayed with up to 8 gray levels as musical notes. The auditory signals corresponding to the pixels accessed by the 2 probes are presented in stereo to the headphones.
PRELIMINARY EVALUATION
The system has been tested with 4 blindfolded subjects using computer-generated images of geometric patterns with up to 4 gray levels. In the experiment, the subject wore a probe on one finger of each hand, and explored the image with both hands. After one training session, the subjects were tested in 15 sessions of about 50-minute duration. In each session, 4 images (unknown to the subject) were presented in ra.neom order for perception .
When the subject indicated complete perception of an image, the time spent was recorded and then the subject sketched the perceived image. The images used are shown in Fig. 1 . The outside square defines the boundary of the image field with 44x44 pixels. The sizes of the images relative to the field size are approximately as shown in the figure. The image field is mapped onto the graphics tablet of 28 x 28 em. In the first 6 sessions, simple binary images were used in order to allow the user to familiarize with the system. From session 7 to session 11, more complex images with 3 gray level were introduced. Then, from session 12 to session 15, images of even greater complexity with 4 gray levels were used.
RESULTS AND DISCUSSION
The average time (in seconds), together with the maximum and minimum times, spent by the 4 subjects to perceive each of the 4 images in each session are shown after the session number in Fig. 1 . All images were perceived correctly by all subjects. The longest time required to perceive an image was 118 seconds in session 14 with complex images of 4 gray levels, while the shortest time was 32 seconds in session 4 when the images used were binary squares and triangles. For each category of images, the average perception time decreases consistently as the test progresses. In the last 4 sessions when the images with 4 gray levels were used, the average time decreases from 82 seconds to 71 seconds. In the cases where an image was presented for the second time in a later session, the average perception time for the second presentation was always shorter.
CONCLUSION
The results from the preliminary evaluation are encouraging. The subjects can learn to accurately perceive relatively complex geometric images with 4 gray levels within a short time. In comparison with our previous proposed system [7] , the present system with two probes and stereo auditory display is more effective in helping the user to perceive images. Real images are much more complex than those used in the present study. Thus, further thorough evaluation with real images are necessary to establish the value of the proposed system. However, as our past and present results indictate that the time required to perceive decreases consistently with increased experience, we are optimistic that the blind user can learn to use auditory display of our approach to perceive real images eventually. 
